A neutralization enzyme immunoassay (N-EIA
Symptomatic human immunodeficiency virus (HIV) infection is predominantly characterized by opportunistic infections
caused by an impaired T-lymphocyte-mediated immunity. Protection against influenza is primarily mediated by virus-specific antibodies and therefore depends on an intact humoral immune response (1, 7) .
Influenza virus infection does not seem to be a major cause of morbidity and mortality in HIV type 1 (HIV-1)-infected individuals. However, many health authorities advise yearly influenza virus vaccinations for these subjects because serious illness and complications from influenza virus infection may occur in these subjects (3, 6, 20, 24) .
Except for those with advanced disease, HIV-infected patients can still mount a hemagglutination-inhibiting antibody response after influenza virus vaccination, but the antibody levels achieved are lower than those found in non-HIV-infected individuals (11, 12, (14) (15) (16) .
It is generally accepted that virus-specific antibodies neutralize the virus by interaction with the viral hemagglutinin (1, 7) . The presence of influenza virus-neutralizing antibodies closely parallels immunity to influenza (7) . Neutralizing antibodies therefore provide a more functional measure of the immunity to influenza virus infections than hemagglutination-inhibiting antibodies.
The humoral immune response of immunoglobulin G (IgG) immunoglobulins to influenza virus is dependent on the function of CD4 ϩ T-helper cells (25) . This T-lymphocyte-dependent humoral response is compromised by HIV-1 infectioninduced depletion of CD4 ϩ T-helper cells (for a review, see reference 21). The development of influenza virus-neutralizing (i.e., functionally active) antibodies upon vaccination against influenza virus infection may therefore be of particular relevance for protective immunity to influenza in HIV-infected patients.
The titers of serum neutralizing antibodies to influenza viruses A/Taiwan/1/86 (H1N1) (Taiwan H1N1) and A/Beijing/ 353/89 (H3N2) (Beijing H3N2) were determined by using a neutralization enzyme immunoassay (N-EIA) (4) after 46 male and 5 female HIV-1-infected subjects (mean age, 39.4 years; age range, 21 to 60 years) from the Infectious Diseases outpatient clinic of the University Hospital Leiden and 10 healthy hospital staff members (mean age, 33.3 years; age range, 24 to 49 years) were vaccinated against influenza virus infection (14) .
According to the 1993 Centers of Disease Control and Prevention revised classification for HIV-infected adolescents and adults (5), 5 HIV-infected subjects were classified into group A1 and 1 HIV-infected subject was classified into group C1 (CD4 ϩ T-cell counts, Ն500 cells/l); 11 subjects were classified into group A2, 4 subjects were classified into group B2, and 2 subjects were classified into group C2 (CD4 ϩ T-cell counts, 200 to 499 cells/l); and 1 subject was classified into group A3, 9 subjects were classified into group B3, and 18 subjects were classified into group C3 (CD4 ϩ T-cell counts, Ͻ200 cells/l). To show the effect of severe immunosuppression on the neutralizing antibody responses to vaccination against influenza virus infection, the HIV-infected individuals were divided into two groups: those with CD4 ϩ counts of Ͻ200 cells/l (n ϭ 28) and those with CD4 ϩ counts of Ն200 cells/ml (n ϭ 23). None of the patients had active opportunistic infections, and 31 were receiving antiretroviral therapy. The numbers of CD4 ϩ cells, CD8 ϩ cells, and other immunologic parameters have been described previously (14) .
All subjects were immunized with a tetravalent influenza split vaccine (Vaxigrip; 1991 and 1992 formula; Institut Mérieux, Lyon, France) between November 1991 and Febru-ary 1992; a single lot containing 15 g of virus strains Beijing H3N2, Taiwan H1N1, B/Beijing/1/87, and B/Panama/45/90 was used. A booster was administered 4 weeks after the primary vaccination. The serum samples were collected before the first vaccination against influenza virus infection (day 0), 30 days later, just before the influenza booster, and 60 days after the first vaccination. The samples were coded and stored at Ϫ20°C until all specimens had been collected and tested in a blinded fashion in one session.
The N-EIA was performed with the influenza virus strains Taiwan H1N1 and Beijing H3N2. Apart from the extra disinfection of the microtiter plates, the N-EIA was performed with the same reagents and by the same procedures described previously (4). In brief, the serum samples were heat inactivated at 56°C for 1 h and diluted 1/3, 1/10, 1/30, 1/100, 1/300, 1/1,000, and 1/3,000. Three aliquots of 0.025 ml from each dilution were transferred to 96-well microtiter plates, and the plates were incubated for 1 h at 37°C with 0.025 ml of either the Taiwan H1N1 or Beijing H3N2 virus suspensions. Then, LLC-MKD2 monkey kidney cells were added to each well, and the plates were incubated at 37°C for 22 h. Subsequently, the cell monolayers were fixed with 0.050 ml of 0.15% glutaraldehyde per well for 20 min. After removal of the supernatants the plates were disinfected by immersion in 70% ethanol for 10 min. To detect the cell-associated viral antigens, the Taiwan H1N1 and Beijing H3N2 influenza virus A-specific, horseradish peroxidase-labeled (4) monoclonal antibodies 3-15/3-3 and UM 12-67, respectively, were used. The enzyme reaction and measurement of the absorbance values were performed as described previously (4) . Virus controls (virus and cells only) and cell controls were each included in six wells in every microtiter plate. Neutralizing antibody titers were defined as those serum dilutions yielding a 50% reduction in the A 450 value for the virus control (4) . N-EIA titers of serum samples that did not yield a 50% reduction in the absorbance value at dilutions of 1/3 or 1/3,000 were calculated by extrapolation when possible or were entered arbitrarily as 1/1.6 or 1/10,000, respectively.
Statistical data were generated by using the SPSS computer program, version 6.0. For all calculations the hemagglutination-inhibition (HAI) and N-EIA titers were transformed into logarithmic values. One-way analysis of variance (ANOVA) was used for comparison of the group means, followed by the Student Newman-Keuls test for multiple comparisons. The Spearman rank test was used for determination of the coefficients of correlation.
The N-EIA titers correlated well with the HAI titers, which were measured independently in another laboratory in the study of Kroon et al. (14) . The overall coefficients of correlation between the N-EIA and HAI titers were 0.93 and 0.80 for the Taiwan H1N1 and Beijing H3N2 strains, respectively (P Ͻ 0.001). The coefficients of correlation on days 0, 30, and 60 after vaccination for the Taiwan H1N1 strain were 0.90, 0.91, and 0.88, respectively (all P values were Ͻ0.001). For the Beijing H3N2 strain, however, a moderate correlation was observed on day 0 (r ϭ 0.45; P Ͻ 0.001). On days 30 and 60 after vaccination the coefficient of correlation was 0.89 (P Ͻ 0.001), similar to the results obtained with the Taiwan H1N1 strain. The high levels of correlation (about 0.90) observed between the two assays indicate that the hemagglutinationinhibiting antibodies against influenza A virus strains Taiwan H1N1 and Beijing H3N2 are indeed functionally active. The low level of correlation for the prevaccination titers measured against the Beijing strain (r ϭ 0.45) is related to the substantial number of HAI test-negative serum samples that were found to be positive by N-EIA (Fig. 1) . This may be the consequence of the higher sensitivity of the N-EIA compared to that of the HAI test. Alternatively, serum may contain nonimmune factors that can accomplish both HAI and neutralization of influenza viruses (13) . Both heat-stable inhibitors (␣ and ␥) and heat-labile inhibitors (␤) can prevent hemagglutination, and the ␤ and ␥ inhibitors also neutralize virus infectivity (2, 9). As a general procedure for prevention of nonspecific HAI, serum samples are heat inactivated and incubated with receptor-destroying enzyme before testing by the HAI test (23) . Prior to testing by N-EIA the serum samples were only heat inactivated. Therefore, nonimmune factors, particularly those of the ␥ class, may have contributed to the neutralization of the influenza A viruses.
The N-EIA appeared to be more sensitive than the HAI test: no serum samples that were shown to be positive by the HAI test but negative by neutralization were found. Vice versa, 33 of 120 (28%) and 51 of 120 (43%) serum samples with undetectable hemagglutination-inhibiting antibodies showed neutralizing activity with Taiwan H1N1 and the Beijing H3N2 strains, respectively (Fig. 1) . Postvaccination N-EIA titers tended to increase with increasing CD4 ϩ T-cell counts in the HIV-1 infected individuals (Fig. 1A and B) .
The prevaccination (arithmetic) mean N-EIA titers to the Taiwan H1N1 strain did not differ significantly between the three groups (P Ͼ 0.05; ANOVA), but the prevaccination mean N-EIA titer to the Beijing H3N2 strain was significantly higher (P Ͻ 0.05; ANOVA) in the control group compared to the mean N-EIA titers in the two groups of HIV-1-infected individuals (Table 1) . At day 30 postvaccination, the mean N-EIA titers for individuals from the group with Ն200 CD4 ϩ T cells/l were significantly higher than the mean titers for the patients from the group with Ͻ200 CD4 ϩ T cells/l (P Ͻ 0.05; ANOVA) for both virus strains. At day 30 the noninfected individuals also showed significantly higher neutralization titers to the Beijing H3N2 strain than the HIV-infected group with Ն200 CD4 ϩ T cells/l (P Ͻ0.05; ANOVA). The booster vaccination at day 30 after primary vaccination did not result in a significant additional enhancement of the mean neutralization titers in any group (data not shown).
A fourfold or higher rise in the N-EIA or HAI titer was considered an adequate immune response after vaccination against influenza virus infection (18). At 30 days after vaccination adequate neutralizing antibody responses were observed against the Taiwan H1N1 strain in 13 of 28 (46%) of the individuals in the HIV-infected group with Ͻ200 CD4 ϩ T cells/l, 19 of 23 (83%) of the individuals in the HIV-infected group with Ն200 CD4 ϩ T cells/l (P Ͻ 0.01; 2 test), and 9 of 9 (100%) of the controls. For the Beijing H3N2 strain, these numbers were 4 of 28 (14%) of the individuals in the HIVinfected group with Ͻ200 CD4 ϩ T cells/l group, v 18 of 23 (78%) of the individuals in the HIV-infected group with Ͼ200 CD4 ϩ T cells/l, (P Ͻ 0.0005; 2 test), and 8 of 9 (89%) of the controls. The numbers of subjects in each group with adequate neutralizing antibody responses did not differ significantly from the numbers of subjects with adequate hemagglutination-inhibiting antibody responses measured previously (14) (data not shown). Discrepancies between adequate N-EIA and hemagglutination-inhibiting antibody responses (i.e., no response by N-EIA and an adequate response by the HAI test or vice versa) against the Taiwan H1N1 subtype were observed in 9 of the 51 HIV-infected subjects and against the H3N2 subtype in 8 of the 51 HIV-infected subjects but in none of the controls (Fig. 1) .
The present study demonstrates that the recently developed N-EIA is a sensitive, convenient, and objective test for the assessment of influenza A virus neutralizing activities in a large number of serum samples (4) . Furthermore, the results obtained by means of a functional antibody assay (N-EIA) support the conclusions drawn from the previous study by Kroon et al. (14) . Determination of the critical levels of virus-neutralizing antibodies that are associated with protection from influenza in HIV-infected individuals, such as has been reported for hemagglutination-inhibiting antibody levels (10) , requires large numbers of subjects and meticulous follow-up. Therefore, such a study would hardly be feasible. However, it can be conceived that any neutralizing antibody titer upon vaccination contributes to the protection from serious influenza virus infection.
There is a concern about the transient increase in HIV viremia and the possible effects on the progression of HIV disease after vaccination against influenza virus infection (17, 19, 22) . The published data, however, are contradictory (8, 26) . At present, the benefits of protection against influenza virus infection seem to outweigh the yet to be established negative effects of vaccination on the progession of HIV infection (3).
